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INTRODUCTION 

The  methylation  of  deoxycytosine  at  CpG  dinucleotides  is  the  most  common  form  of 
post-replicative  modification  of  DNA.  The  mechanisms  regulating  these  modulations  (the  loss  of 
the  methylated  status,  i.e.,  hypomethylation,  and  the  methylation  of  a  previously  unmethylated 
nucleotide,  i.e.,  hypermethylation)  are  poorly  understood.  However,  a  hypothesis  currently 
accepted  is  that  these  subtle  alterations  in  DNA  structure  may  contribute  to  the  changes  in 
chromatin  structure,  which  occasionally  result  in  the  fine  tuning  of  gene  expression  (1).  DNA 
methylation  has  been  shown  to  play  a  major  role  in  such  fundamental  processes  in  cell  biology 
as  embryogenesis,  cell  differentiation  and  aging  (2-7).  In  addition  to  the  normal  physiological 
roles  of  somatic  DNA  methylation,  aberrations  in  the  mechanisms  that  ensure  its  fidelity  of 
perpetuation  also  play  an  important  role  in  pathological  processes,  one  of  which  is  exemplified 
by  cancer  development  and  progression. 

Cancer  often  results  from  a  series  of  random  accidents  subjected  to  natural  selection. 
Therefore,  no  two  cases  may  be  identical.  Nonetheless,  all  cancers  involve  a  disruption  of 
normal  restraints  on  cell  proliferation  and  survival.  Such  a  disruption  may  result  from  genetic 
and  epigenetic  alterations.  Two  routes  exist  which  contribute  to  uncontrolled  cell  proliferation: 
activation  of  proto-oncogenes,  and  inactivation  of  tumor  suppressor  genes  (8).  For  instance, 
changes  associated  with  colorectal  cancer  include  loss  of  APC  (adenomatous  polyposis  coli), 
activation  of  Ki-ras,  and  loss  of  p53  (9,10).  Activation  of  proto-oncogenes  and  inactivation  of 
tumor  suppressor  genes  result  from  either  mutation(s)  in  coding  sequence,  aneuploidy 
(loss/gain  of  chromosomes  and  subchromosomal  regions),  gene  amplification,  or  transcriptional 
changes.  In  addition  to  structural  mutations  affecting  the  genetic  code,  changes  in  the  levels  of 
cancer  gene  products  can  also  result  from  alterations  in  the  epigenetic  code.  Hypermethylation 
of  CpG  islands  in  the  promoter  region  has  been  shown  to  be  another  important  mechanism  of 
inactivation  through  transcriptional  controls,  and  has  been  closely  correlated  with  the  silencing 
of  transcription  of  certain  genes  during  tumorigenesis  (11,12).  For  example,  frequent  loss  of  E- 
cadherin  expression  in  some  breast  and  prostate  carcinomas  was  shown  to  result  from 
hypermethylation  of  the  promoter  region  (13).  Hypermethylation  was  also  reported  for  the 
promoter  region  of  hMLHI,  a  mutator  gene  involved  in  hereditary  non-polyposis  colorectal 
cancer  (HNPCC)  and  some  sporadic  gastrointestinal  cancer  (14). 

Precise  mapping  of  DNA  methylation  patterns  in  CpG  islands  is  essential  for 
understanding  diverse  biological  processes.  Several  techniques  have  been  developed  to 
determine  alterations  in  the  epigenetic  code.  Some  methods  allow  us  to  determine  the  degree  of 
methylation  of  specific  genes  once  their  sequences  are  identified  (15-18).  In  addition  to  the 
established  method  of  digestion  with  methylation  sensitive  restriction  enzymes  followed  by 
Southern  hybridization  or  PCR,  methylation-specific  PCR  (MSP)  has  recently  been  developed 
as  a  novel  PCR  assay  for  determining  the  methylation  status  of  CpG  islands  (16).  Using  this 
technique,  hypermethylation  associated  with  transcriptional  inactivation  was  reported  in  the 
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promoter  regions  of  four  important  tumor  suppressor  genes  in  human  cancer  (pi 6  (19),  pi 5 
(20),  E-cadherin  (13),  and  von  Hippel-Lindau  (21).  Techniques  are  also  available  for 
determining  the  degree  of  methylation  in  bulk  DNA  (22).  However,  there  are  few  techniques  that 
generate  a  comprehensive  methylation  profile  of  human  genomic  DNA  (23-26). 

We  have  developed  a  technique,  called  methylation  sensitive-amplified  fragment  length 
polymorphism  (MS-AFLP).  MS-AFLP  is  an  efficient  and  sensitive  method  that  permits  the 
evaluation  of  the  spectrum  of  genetic  and  epigenetic  alterations  on  a  genomic  scale.  The 
technique  utilizes  the  DNA  fingerprinting  advantages  of  the  AFLP  (27)  and  methylation 
sensitivity  of  restriction  enzymes.  We  modified  the  AFLP  to  use  a  methylation  sensitive 
restriction  enzyme  in  place  of  methylation-insensitive  EcoRI.  We  selected  A/of/,  and  performed 
Notl-Msel  MS-AFLP  experiments.  Unlike  EcoRI' s  hexanucleotide  recognition  sites,  Notl  sites 
are  octanucleotides  (GCGGCCGC).  The  human  genome  is  forty-nine  percent  G+C,  and  the  CG 
dinucleotide  is  five-fold  rarer  than  the  expected  G+C  content  (28).  Therefore,  sequences 
recognized  by  the  Notl  enzyme  are  rare.  The  total  number  of  Notl  sites  is  estimated  to  be 
between  30,000  and  100,000,  and  about  5,300  distinct  sites  are  unmethylated  and  cleavable  in 
certain  tissues  (29).  This  value  is  much  smaller  than  that  of  EcoRI  sites  (6x1 05).  In  the  Notl 
system  only  one  additional  nucleotide  per  primer  is  sufficient  to  obtain  meaningful  banding 
patterns,  differing  from  the  EcoRI  system  where  at  least  three  additional  nucleotides  are 
necessary  for  each  primer  in  order  to  achieve  meaningful  banding  patterns  of  the  AFLP 
fingerprints.  Accordingly,  most  of  the  Notl  fragments  are  revealed  by  just  16  reactions 
(theoretically  663  bands  per  reaction  (5,300x2/16)).  When  two  (rather  than  one)  additional 
nucleotides  are  added  to  one  of  the  primers,  the  number  of  bands  per  reaction  decreases  to 
166.  Another  advantage  of  using  Notl  is  its  methylation  sensitivity.  Notl  does  not  cleave  the  site 
if  the  cytosine  residue  of  CpG  is  methylated.  Therefore,  methylated  and  unmethylated  Notl  sites 
can  be  easily  distinguished. 
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Proposed  Task  1.  To  investigate  breast  cancer-associated  DNA  methylation  changes 
(months  1-18). 

1 .  Notl-Msel  MS-AFLP  will  be  performed  with  1 0  sets  of  normal  and  tumor  DNA  from  breast 
cancer  patients 

4x4  format  using  combinations  of  four  Notl  and  four  Msel  primers  with  an  additional  selective 
residue  (G,  A,  T,  or  C)  at  the  3’  end  (months  1-6) 

4x16  format  using  four  Notl  with  one  additional  residue  and  sixteen  Msel  with  two  additional 
selective  residues  (GG,  GA,  GT,  GC,  AG,  AA,  AT,  AC,  TG,  TA,  TT,  TC,  CG,  CA,  CT,  or  CC) 
(months  7-24) 

We  performed  Notl-Msel  MS-AFLP  using  10  matched  clinical  specimens  of  normal  and 
tumor  breast  DNA.  We  performed  Notl-Msel  MS-AFLP  both  in  4x4  format  and  in  4x16  format. 

Proposed  Task  2.  To  determine  the  identity  of  bands  exhibiting  consistent  changes  in 
breast  cancers  (months  2-36). 

1.  Alterations  in  band  intensity  will  be  identified,  and  DNA  fragments  will  be  cloned  from 
individual  bands  showing  alterations  (months  2-20) 

2.  Plasmid  clones  containing  the  inserts  exhibiting  the  alterations  will  be  identified  (months  3- 
24) 

3.  Nucleotide  sequences  will  be  determined  (months  4-28) 

4.  BLAST  search  will  be  performed  to  identify  the  identical/homologous  sequences  in  the 
database  (months  5-32) 

5.  Important  fragments  will  be  mapped  on  chromosome  using  GeneBridge  4  Radiation  Hybrid 
panel  (months  6-36) 

6.  5-  and  3’-RACE  will  be  performed  to  clone  the  entire  cDNAs  for  the  sequences  showing 
high  homology  with  those  deposited  in  EST  database  but  not  identical  to  the  known  genes 
(months  13-36) 

7.  RT-PCR  will  be  performed  to  examine  the  effects  of  DNA  methylation  alterations  on  gene 
expression  (months  1 9-36) 

We  have  identified  many  bands  that  exhibited  band  intensity  alterations  between  normal  and 
tumor  breast  DNA  fingerprints.  We  have  cut  out  the  dried  gel  slices  from  those  bands,  eluted  and 
PCR-amplified  DNA  fragments,  and  cloned  the  fragments  into  pT-Adv  plasmid  vector  by  the  T- 
A  cloning  method.  After  transformation  of  E.  coli  bacteria,  plasmid  DNA  was  prepared  from 
several  transformant  clones,  and  the  nucleotide  sequences  of  the  inserts  were  determined.  Results 
are  summarized  in  Table  1.  For  some  of  the  interesting  bands,  we  also  transferred  DNA  from  the 
DNA  fingerprints  onto  nylon  membranes  by  electroblotting,  hybridized  those  membranes  with 
the  probes  prepared  from  individual  fragments  from  the  sequence-verified  clones,  and 
determined  the  identity  of  the  fragments  showing  alterations. 

The  most  notable  feature  of  Table  1,  in  addition  to  the  presence  of  some  genes  with  impact  in 
cell  growth  (oncogenes  and  suppressor  genes),  is  the  high  number  of  entries  related  to  the 
homeobox  genes  and  genes  involved  in  the  regulation  of  homeotic  gene  expression.  Because 
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regulated  cell  growth  and  differentiation  are  the  basis  of  development  and  cancer  results  from 
uncontrolled  growth  of  undifferentiated  cells,  it  is  not  difficult  to  speculate  that 
activation/inactivation  of  certain  homeotic  genes  may  contribute  to  carcinogenesis.  Actually, 
such  examples  have  been  reported  (30-33).  Therefore,  our  results  demonstrated  the  capability  of 
the  Notl-Msel  MS-AFLP  method  to  identify  and  isolate  the  genes  whose  changes  may  be 
involved  in  cancer  development  and/or  progression. 

Table  1.  Preliminary  characterization  of  MS-AFLP  bands  in  prostate,  colon  and  breast  cancers 


No. 

Frequency1 

GenBank2  number  LOCUS3  (band  size,  number  of  plasmid  clones4 5 6, 

B1 

ESiH 

□ 

cDNA  c-0sg02  (256bp,  1/5),  Cosmid  U129A10  (248bp,  2/5) 

B3 

Rttipi 

□ 

zk16c05.r1  cDNA  (493  bp,  1/7) 

B4 

♦ 

ccr2,  ccr5  and  ccr6  genes  and  lactoferrin  gene  (616bp,  1/7) 

B6 

+  (8/8) 

□ 

Lung  NbHL19W  (339bp,  8/11),  Z73359  (264bp,  1/11, 2.5e-11) 

B8 

mmmm 

XI 2876  (280bp,  1/6, 3.2e-70) 

B9 

+  (5/9) 

□ 

Placenta  2  (3/8);  cosmid  B5E3  (1/8),  □  yg96g09.r1  cDNA  (1/8) 

BIO 

+  (5/9) 

□ 

yf54a12.r1  cDNA(>515bp,  1/3) 

B11 

BH 

♦ 

Ornithine  decarboxylase  (31 6bp,  1/3),  ♦  antisecretory  factor-1  (321  bp,  1/3) 

B12 

+  (8/9) 

♦ 

U05681  BCL3  (257bp,  3/4, 0.15) 

B13 

+  (3/9) 

♦ 

X93086  Biliverdin-9  alpha  reductase  (58bp,  3/3, 5.4e-15) 

B14 

□ 

Heart  NbHH19W(283bp,  1/3) 

B15 

■SH 

■ 

G2822174  HOX  A1-  HOX  A2  (169bp,  2/5, 8.6e-43) 

B16 

-  (5/9) 

□ 

heart  NbHH19W  (284bp,  1/5),  Cosmid  366D3  (256bp,  2/5) 

B18 

1  i 

□ 

EST30769  Colon  1  (158bp,  1/1) 

B20 

■2  IS 

• 

D26155  hSNF2a  (210bp,  3/4, 5.5e-44) 

B21 

iPPW 

□ 

Testis  NHT  (293bp,  1/2) 

B23 

-  (3/8) 

□ 

Brain  7B35H12  (123bp,  3/3) 

B24 

llifiMMl 

♦ 

TAXREB67  (168bp,  1/3, 1.3e-45),  cosmid  U27H1  (201  bp,  1/3) 

B25 

-  (6/10) 

■ 

U57052  HOX  B13  (212bp,  5/5, 1.4e-77) 

B26 

♦ 

D13644  KIAA0019  gene  (288bp,  1/5, 3.6e-102) 

B27 

■ 

X99894 IPF-1  (450bD,  3/5. 2.1e-172) 

B28 

-  (6/9) 

♦ 

D28596  c-maf  (lOObp,  1/2, 1.9e-13) 

B30 

+  (1/3) 

□ 

yj84a11.s1  cDNA  (390bp,  1/3),  Alu-Sb  subfamily  (434bp,  1/3) 

1.  +;  stronger  band  intensity  in  tumor  tissue  rather  than  in  normal  tissue  (hypomethylation),  stronger  band  intensity  in  normal 
tissue  rather  than  in  tumor  tissue  (hypermethylation),  (number  of  tumors  where  the  difference  was  observed/number  of  tumors 
analyzed). 

2.  In  addition,  there  were  36  DNA  fragments  from  35  Notl-Msel  MS-AFLP  fingerprint  bands  exhibiting  tumor-specific  intensity 
changes  without  homology  with  GenBank  sequences  (14  from  prostate,  3  from  colon  and  19  from  breast  cancers). 

3.  Probabilities  given  in  the  GenBank  search. 

4.  Number  of  plasmid  clones  with  the  same  sequence/number  of  clones  sequenced. 

5.  Three  sequences  from  prostate  and  8  from  breast  tissues  represented  anonymous  CpG  island  DNA  clones,  respectively. 

6.  Symbol  ♦  indicates  genes  previously  characterized,  ■  homeotic  genes,  •  genes  involved  in  regulation  of  homeotic  gene 
expression,  and  □  anonymous  expressed  sequences.  The  genes  with  known  roles  in  cell  proliferation  are  highlighted  in  bold. 
Sequences  that  have  been  confirmed  by  the  Southern  hybridization  to  exhibit  the  observed  changes  are  shown  underlined.  In 
addition,  our  sequence  analysis  of  64  randomly  chosen  Notl-Msel  MS-AFLP  cloned  fragments  showed  that  approximately  one- 
fourth  of  the  fragments  were  either  identical  or  closely  related  to  the  sequences  deposited  in  the  EST  database.  The  table  has 
been  simplified  by  eliminating  anonymous  and  repetitive  sequences. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

1 .  We  have  scanned  DNA  methylation  alterations  at  the  Notl  landmarks  over  the  entire  genome 
of  normal  and  tumor  breast  cancer  tissue  DNA. 

2.  We  have  identified  several  DNA  fragments  derived  from  homeotic  genes  and  related  genes 
among  the  bands  that  exhibited  band  intensity,  suggesting  the  possible  association  of 
homeotic  genes  with  breast  carcinogenesis. 

REPORTABLE  OUTCOMES 

1.  We  have  written  and  submitted  a  manuscript  that  describes  the  technical  details  of  Notl-Msel 
MS-AFLP  technique. 

2.  We  have  also  summarized  our  findings  of  widespread  DNA  methylation  alterations  of 
homeotic  genes  and  related  genes  in  cancer  and  submitted  it  as  a  short  communication. 

CONCLUSIONS 

We  have  already  finished  Task  1  of  the  proposal.  We  have  determined  the  identity  of 
several  sequences  that  exhibited  DNA  methylation  alterations.  We  have  determined  the 
nucleotide  sequences  of  fragments  cloned  into  plasmid  from  dozens  of  other  bands,  however,  the 
determination  of  real  sequences  that  exhibit  the  alteration  remained  to  be  done.  We  have  decided 
not  to  pursue  chromosomal  mapping  since  97%  of  the  human  genome  has  already  been 
sequenced  and  we  do  not  see  the  point  of  experimentally  determining  the  loci  of  DNA  fragments 
using  GeneBridge  Radiation  Hybrid  panel.  We  have  not  yet  initiated  the  last  two  works  in  Task 
2. 
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Abstract 

We  have  applied  a  methylation  sensitive  restriction  endonuclease  Notl  to  the  existing  Amplified 
Fragment  Length  Polymorphism  (AFLP)  method  and  developed  Notl-Msel  Methylation  Sensitive- 
AFLP  (MS-AFLP).  Notl-Msel  MS-AFLP  allows  the  genome-wide  analysis  of  DNA  methylation 
alterations  at  the  Notl  sites  scattered  over  the  genome.  Hypermethylation  and  hypomethylation  are 
visualized  by  the  decrease  and  increase  in  the  band  intensity  of  the  DNA  fingerprints.  Identification 
of  consistent  changes  can  be  facilitated  through  parallel  electrophoresis  of  multiple  samples.  DNA 
fragments  exhibiting  alterations  can  be  cloned  from  fingerprint  bands  by  amplification  of  gel-eluted 
DNA  with  the  same  pair  of  primers  used  for  fingerprint  presentation.  Notl-Msel  MS-AFLP  offers 
a  reliable  method  of  studying  the  alterations  in  DNA  methylation  in  the  human  genome. 
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Introduction 

The  cytosine  methylation  of  CpG  dinucleotide  sequence  is  the  most  common  form  of  post- 
replicative  modification  of  genomic  DNA  in  higher  eukaryotes.  Using  palindromic  nature  of  the 
sequence,  methylation  pattern  can  be  transmitted  to  the  daughter  strands  by  the  maintenance 
methylation.  Although  the  underlying  mechanisms  are  poorly  understood,  somatic  de  novo 
methylation  and  demethylation  can  also  occur.  Regions  containing  a  high  density  of  CpG 
dinucleotides  are  called  CpG  islands,  and  they  are  predominantly  associated  with  coding  DNA.  In 
the  past  years,  DNA  methylation  of  CpG  islands  has  been  proven  to  be  one  important  mechanism 
controlling  gene  expression.  CpG  islands  of  constitutively  expressed  genes  are  unmethylated  in  the 
germ  line  and  in  all  somatic  cells  (1).  On  the  other  hand,  DNA  methylation  of  CpG  islands  plays  a 
regulatory  role  in  the  tissue-specific  gene  expression  (2).  Silencing  of  one  X  chromosome 
(imprinting)  is  also  tightly  associated  with  alterations  in  the  methylation  status  of  CpG  islands 
(3,4).  DNA  hypermethylation  seems  to  be  very  important  in  the  aging  process  also  (5).  A 
hypothesis  currently  accepted  is  that  the  subtle  alterations  in  DNA  structure  may  contribute  to  the 
changes  in  chromatin  structure,  resulting  in  repression  of  gene  expression  (6).  In  addition  to  the 
normal  physiological  roles  of  somatic  DNA  methylation,  aberrations  in  the  mechanisms  that  ensure 
its  fidelity  of  perpetuation  also  play  an  important  role  in  pathological  processes,  one  of  which  is 
exemplified  by  cancer  development  and  progression. 

All  cancers  involve  a  disruption  of  normal  restraints  on  cell  proliferation  and  survival.  Such  a 
disruption  may  result  from  genetic  and  epigenetic  alterations.  Activation  of  proto-oncogenes  and 
inactivation  of  tumor  suppressor*genes  contribute  to  the  uncontrolled  cell  proliferation,  and  these 
result  from  either  mutation  in  coding  sequence,  aneuploidy  (loss/gain  of  chromosomes  and/or 
subchromosomal  regions),  gene  amplification,  or  transcriptional  changes.  In  all  cases,  the  final 
consequence  is  having  either  more  or  less  of  the  corresponding  functional  gene  products  or  altered 
activity  of  these  products  (7).  Hypermethylation  of  CpG  islands  in  the  promoter  region  is  an 
important  mechanism  of  inactivation  through  transcriptional  controls  (8,9).  CpG  island 
hypermethylation  has  been  closely  correlated  with  the  silencing  of  transcription  of  certain  genes 
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during  tumorigenesis.  For  example,  frequent  loss  of  E-cadherin  expression  in  some  breast  and 
prostate  carcinomas  was  shown  to  result  from  hypermethylation  of  the  promoter  region  (10). 
Methylation  of  Notl  sites  at  D17S5  on  chromosome  17pl3.3  was  found  to  be  tumor-specific  in 
colon,  brain,  and  kidney  tumors  (11-13).  Somatic  hypermethylation  of  the  CpG  island  was 
frequently  observed  in  the  receptor  gene  for  endothelin-1  (EDNRB)  in  prostate  cancer  tissues  (14). 
Because  endothelin-1  receptor  mediates  clearance  of  this  potent  vasoconstrictor  and  inhibits 
secretion,  decreased  expression  of  the  receptors  by  hypermethylation  of  the  promoter  may  be 
advantageous  for  cancer  progression  in  vivo.  Hypermethylation  was  also  reported  for  the  promoter 
region  of  hMLHl,  a  mutator  gene  involved  in  hereditary  non-polyposis  colorectal  cancer 
(HNPCC)  and  some  sporadic  gastrointestinal  cancer  (15). 

Methylation  analysis  has  mostly  been  conducted  on  the  promoter  regions  of  genes  important 
for  growth  regulation.  However,  precise  mapping  of  DNA  methylation  patterns  in  CpG  islands  on 
a  genomic  scale  is  essential  for  understanding  diverse  biological  processes.  We  have  developed  a 
technique,  called  Notl-Msel  Methylation  Sensitive-Amplified  Fragment  Length  Polymorphism 
(MS-AFLP).  Notl-Msel  MS-AFLP  is  an  efficient  and  sensitive  method  that  permits  the  genome¬ 
wide  evaluation  of  the  spectrum  of  epigenetic  alterations  (and  probably  genetic  alterations  also),  as 
well  as  the  identification  and  cloning  of  DNA  fragments  that  exhibit  alterations.  The  technique 
utilizes  the  DNA  fingerprinting  advantages  of  the  AFLP  (16)  and  methylation  sensitivity  of  the 
rare-cutter  Notl  endonuclease,  and  can  be  applied  to  the  analysis  of  complex  genome  of  humans. 
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Materials  and  Methods 
1.  Materials 

DNA  from  one  matched  pair  of  normal  and  metastasized  tumor  breast  tissues,  four  matched 
pairs  of  normal  and  primary  tumor  prostate  tissues,  and  five  matched  pairs  of  normal  and  primary 
tumor  lung  tissues  was  used  in  the  study.  The  breast  and  prostate  tissues  were  obtained  from  the 
Cooperative  Human  Tissue  Network,  which  is  funded  by  the  National  Cancer  Institute.  Normal 
and  tumor  lung  tissue  DNA  was  kindly  provided  by  Dr.  Yoshinori  Murakami  (Oncogene  Division, 
NCCRI,  Japan).  Restriction  endonuclease  Notl  and  T4  DNA  ligase  were  purchased  from 
Boehringer  Mannheim  (Indianapolis,  IN).  Restriction  endonuclease  Msel  and  T4  polynucleotide 
kinase  were  obtained  from  NE  Biolabs  (Beverly,  MA),  and  AmpliTaq  DNA  polymerase  was 
purchased  from  Perkin-Elmer  (Foster  City,  CA).  Takara  ExTaq  DNA  polymerase  was  from 
PanVera  (Madison,  WI).  32P-gamma  Easytide  adenosine  5 ’-triphosphate  (32P-yATP)  was 
purchased  from  NEN-Life  Science  Products  (Boston, MA).  Oligonucleotides  were  custom- 
synthesized  at  Genset  (La  Jolla,  CA)  and  at  Sigma-Genosys  (The  Woodlands,  TX).  Notl  and  Msel 
adaptors  were  equimolar  mixtures  of  two  oligonucleotides.  The  nucleotide  sequences  of  the  two 
oligonucleotides  for  the  Msel  adaptor  were  5’-GACGATGAGTCCTGAG  and  5’- 
TACTCAGGACTCAT,  and  these  sequences  were  identical  to  those  used  by  Vos  et  al.  (16).  The 
nucleotide  sequences  of  the  oligonucleotides  for  the  Notl  adaptor  were  5’- 
GACTGCGTACCGGCCGC  and  5’-GGCCGGTACGCAGTCTAC,  and  these  sequences  were 
modified  from  their  EcoRI  adaptor  sequences.  These  pairs  of  oligos  were  mixed,  heated  at  65°C 
for  15  min,  and  kept  at  37°C  overnight  for  annealing  before  use.  Primers  used  for  PCR 
amplification  were  Notl+N  (5’-GACTGCGTACCGGCCGC+N),  Msel+N  (5’- 
G ATG AGTCCTG AGT A A+N) ,  and  Msel+CN  (5  ’  -GATGAGTCCTGAGTAA+CN)  adaptor 
primers.  Notl+G  adaptor  primer  labeled  at  the  5'  end  with  TAMRA  fluorescent  dye,  5-TAMRA- 
GACTGCGTACCGGCCGCG,  was  custom  synthesized  at  Genset. 
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2.  Notl-Msel  MS-AFLP  Method 

Experimental  protocol  was  modified  from  the  original  AFLP  protocol  (16).  Five  hundred 
nanograms  of  genomic  DNA  were  digested  overnight  at  37°C  in  25  pi  of  lxNotl  digestion  buffer 
with  5  units  of  Notl  and  2  units  of  Msel.  Then  17  pi  of  ImM  Tris-HCl,  ImM  EDTA  buffer  (1- 
1TE),  5  pi  of  10xT4  DNA  ligase  buffer,  1.25  pi  each  of  5  pmol/pl  Notl  and  50  pmol/pl  Msel 
adaptors,  and  1  unit  of  T4  DNA  ligase,  were  added,  and  the  DNA  was  incubated  overnight  at 
16°C.  The  ligated  DNA  was  incubated  at  37°C  for  2-6  hrs,  heat-denatured  at  70°C  for  20  min  to 
inactivate  the  enzymes,  and  diluted  to  adjust  the  concentration  to  1  ng/pl. 

For  the  radioactive  Notl-Msel  MS-AFLP  experiments,  one  of  the  primers  was  radiolabeled  at 
the  5’  end  using  T4  polynucleotide  kinase  and  32P-yATP.  Notl  primer  was  radiolabeled  in  all  the 
experiments  except  one  where  Msel  primer  was  labeled.  Six  nanograms  of  Notl  primer  and  30  ng 
of  Msel  primer  were  used  for  PCR  with  adaptor  ligated  genomic  DNA  template  in  20  pi  of 
lxAmpliTaq  DNA  polymerase  buffer,  0.4mM  dNTP,  with  1  unit  of  AmpliTaq  DNA  polymerase. 
Various  amounts  of  adaptor  ligated  DNA  (2  ng,  400  pg,  80  pg,  16  pg)  was  used  in  the 
experiments  with  lung  DNA.  5  ng  of  adaptor  ligated  DNA  was  used  in  the  breast  and  prostate 
experiments.  Two  hundred  pi  tubes  were  used  and  placed  in  a  96  well-type  DNA  Thermal  Cycler. 
PCR  protocol  was  the  following:  72  °C  for  30  sec,  94  °C  for  30  sec,  36  cycles  of  94  °C  for  30  sec, 
52  °C  for  30  sec,  and  72  °C  for  2  min,  followed  by  incubation  at  72  °C  for  10  min.  The  samples 
were  kept  at  10  °C  until  the  reaction  was  terminated  by  the  addition  of  25  pi  of  loading  dye 
solution.  After  3  min  of  heat  denaturing  followed  by  a  quick  chill  on  ice,  an  aliquot  (4  pi)  from 
each  reaction  was  loaded  onto  a  SEQUAGEL-6  denaturing  gel.  After  electrophoresis,  the  gel  was 
dried  and  then  exposed  to  an  X-ray  film. 

For  the  fluorescent  MS-AFLP  experiments,  thirty  nanograms  each  of  fluorescent  Notl  primer 
and  unlabeled  Msel  primer  and  ten  nanograms  of  template  DNA  were  used  in  20  pi  of  1  X  ExTaq 
DNA  polymerase  buffer,  0.4  mM  dNTP,  with  1  unit  of  ExTaq  DNA  polymerase.  The  same  PCR 
protocol  described  above  was  used.  PCR  products  were  added  with  2  pi  of  3M  sodium  acetate  (pH 
5.2)  and  50  pi  of  95%  ethanol,  incubated  at  4  °C  for  2  hours,  and  then  precipitated.  After  washed 
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with  70%  ethanol  and  air  dried,  the  pellets  were  resuspended  in  6  pi  of  dye  containing  5:1  ratio  of 
formamide:  Blue  Dextran-EDTA.  The  samples  were  then  loaded  onto  an  ABI  Prism  377  automatic 
DNA  Sequencer  and  electrophoresed  according  to  the  manufacturer’s  protocols. 


18 


USA  MRMC  Annual  Report  Grant#DAMD  17-99- 1-9095,  Fumiichiro  Yamamoto,  PhD. 

Results 

Theoretical  basis  of  Notl-Msel  MS-AFLP 

We  modified  the  AFLP  to  use  methylation  sensitive  Notl  restriction  enzyme  in  place  of  EcoRI. 
Unlike  hexanucleotide  EcoRI  recognition  sites,  Notl  sites  are  octanucleotides  (GCGGCCGC).  The 
human  genome  is  forty-nine  percent  G+C,  but  the  CpG  dinucleotide  is  five-fold  rarer  than  the 
expected  G+C  content  (17).  Therefore,  sequences  recognized  by  the  Notl  enzyme  are  rare.  The 
total  number  of  Notl  sites  is  calculated  to  be  around  8xl04.  In  certain  tissues,  however,  only 
approximately  5,300  Notl  sites  are  unmethylated  and  cleavable  (18).  This  value  is  much  smaller 
than  the  estimated  8xl03  cleavable  EcoRI  sites.  Therefore,  only  one  additional  nucleotide  per 
primer  is  sufficient  in  the  Notl  system  to  obtain  meaningful  banding  patterns  of  AFLP  fingerprints 
of  the  human  genome,  differing  from  the  EcoRI  system  where  at  least  three  additional  nucleotides 
are  necessary  for  each  primer.  Accordingly,  most  of  the  Notl  fragments  (Notl-Msel  and  Notl- 
Notl)  can  be  revealed  by  just  16  reactions  (theoretically  5,300x2/16=663  bands  per  reaction). 
When  two,  rather  than  one,  additional  nucleotides  are  added  at  one  of  the  primers,  the  number  of 
bands  per  reaction  decreases  to  166.  Therefore,  the  alterations  in  the  methylation  status  of  Notl 
sites  can  be  easily  distinguished  by  the  changes  in  band  intensity  in  DNA  fingerprints.  The  Notl- 
Msel  MS-AFLP  method  is  schematically  shown  in  Figure  1. 

Reproducibility  of  the  Notl-Msel  MS-AFLP  fingerprinting 

We  examined  the  reproducibility  of  Notl-Msel  MS-AFLP.  After  digestion  with  Notl  and  Msel, 
human  genomic  DNA  was  ligated  with  adaptors  and  used  as  a  template  for  MS-AFLP  DNA 
fingerprint  presentation.  In  order  to  determine  the  amount  of  template  necessary  to  obtain 
reproducible  results,  titration  experiments  were  performed.  32P-radiolabeled  Notl+G  primer  was 
used  in  combination  with  unlabeled  Msel+C  primer.  Reactions  were  duplicated  in  2  different 
tubes,  and  were  electrophoresed  in  parallel.  Adaptor  ligated  normal  (N)  lung  DNA  was  serially 
diluted,  and  the  same  5  pi  containing  different  amounts  of  DNA  was  used  for  the  MS-AFLP  in  20 
pi  reactions.  Reaction  products  were  analyzed  through  denaturing  gel  electrophoresis.  Results  are 
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shown  in  the  left  panel  of  Figure  2.  Two  separate  reactions  using  the  same  adaptor-ligated  DNA 
produced  essentially  identical  banding  patterns  when  2  ng  of  template  DNA  was  used.  When  the 
amount  of  template  was  reduced  to  400  pg,  sporadic  changes  in  band  intensity  began  to  appear. 
When  the  amount  was  further  reduced  to  80  pg  and  16  pg,  banding  patterns  varied  significantly 
between  the  duplicate  reactions.  We  concluded  that  at  least  2  ng  of  human  genomic  DNA 
(approximately  200  cell  equivalents  =  400  genome  equivalents)  was  needed  to  obtain  reproducible 
results. 

DNA  fingerprints,  produced  with  five  pairs  of  normal  (N)  and  tumor  (T)  genomic  DNA  from 
lung  cancer  patients,  were  then  examined.  The  same  Notl+G  and  Msel+C  primers  were  used.  All 
the  reactions  were  duplicated.  Results  are  shown  in  the  right  column  of  Figure  2.  Two  separate 
reactions  using  the  same  DNA  template  again  produced  essentially  identical  banding  patterns. 
Cases  1  through  4  showed  several  somatic  alterations,  whereas  few  alterations  were  observed  in 
case  5.  Arrows  indicate  possible  tumor-specific  alterations. 

Combinatorial  MS-AFLP  using  adaptor  primers  with  additional  nucleotides 

In  the  above  experiments,  only  one  pair  of  primer  combination  was  used.  In  the  next 
experiment,  we  used  all  sixteen  combinations  (4x4)  of  adaptor  primers  with  one  additional 
nucleotide  each  at  their  3’  ends.  Five  nanograms  of  adaptor  ligated  DNA  from  normal  breast  (N) 
and  metastatic  breast  carcinoma  (M)  from  the  same  individual  was  used  as  templates.  32P- 
radioabeled  Notl+N  primers  were  used  in  combination  with  unlabeled  Msel+N  primers.  The  N 
denotes  any  one  of  G,  A,  T,  and  C  nucleotides.  Results  are  shown  in  Figure  3.  The  combinations 
of  primers  used  are  indicated  on  the  top  of  the  gel.  Although  some  combinations  gave  better 
banding  patterns  than  others,  basically  all  the  primer  combinations  worked.  One  reaction,  Notl+T 
and  Msel+A  reaction  with  metastasized  DNA,  failed  to  give  a  good  quality  fingerprint  from 
unknown  cause(s). 

We  estimated  the  total  numbers  of  bands  exhibited  by  the  16  Notl-Msel  MS-AFLP  fingerprints 
to  be  3,200  (200x16).  This  value  was  lower  than  the  expected  total  number  12,600  (5,300x2). 
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Possible  reasons  for  this  discrepancy  include:  1)  some  bands  were  represented  by  more  than  one 
DNA  fragment,  2)  some  fragments  with  larger  sizes  or  complicated  sequence  were  not  amplified, 
and  3)  some  amplified  fragments  were  too  small  and  ran  out  of  the  gel.  Nevertheless,  the  number 
of  different  bands  obtained  seemed  to  be  sufficient  for  a  near  saturation  scanning  of  the  genome. 
This  number  may  be  doubled  to  6,400  by  the  use  of  two  additional  nucleotides  at  the  3’  end  of  one 
of  the  primers  as  will  be  discussed  below. 

Multiple  somatic  fingerprint  alterations  were  observed  in  this  experiment  alone,  and  several 
examples  are  indicated  with  up  and  down  arrowheads  in  the  figure.  This  demonstrates  the  potential 
of  the  Notl-Msel  MS-AFLP  technique  that  generated  a  large  number  of  potentially  interesting 
somatic  epigenetic  alterations  in  breast  cancer  from  this  single  experiment.  An  additional  property 
of  the  technique  is  that  the  dried  gels  can  be  stored  at  room  temperature  for  months  and  even  years, 
and  used  later  to  isolate  the  relevant  bands.  At  the  same  time,  the  experiment  illustrates  another 
important  property  of  the  technique,  its  ability  to  obtain  a  panoramic  view  of  the  alterations 
undergone  by  the  tumor  cells. 

We  next  compared  the  results  obtained  from  Notl-Msel  MS-AFLP  using  Msel  primer  with  an 
additional  nucleotide  and  those  obtained  using  Msel  primers  with  two  additional  nucleotides.  DNA 
from  four  sets  of  matched  normal  and  tumor  prostate  tissues  was  used  in  the  experiment.  32P- 
radiolabeled  Notl+G  primer  was  used  in  combination  with  unlabeled  Msel+C  for  all  four  sets  of 
DNA,  and  with  unlabeled  Msel+CG,  Msel+CA,  Msel+CT,  or  Msel+CC  for  the  fourth  set  of 
DNA.  Results  are  shown  in  Figure  4.  Except  for  a  few  bands  that  were  present  in  one  of  the  four 
reactions  but  absent  in  the  Msel+C  reaction,  the  Msel+C  fingerprint  basically  exhibited  the  sum  of 
the  bands  produced  by  those  four  reactions.  The  result  also  showed  that  many  bands  in  the 
Msel+C  fingerprint  were  in  fact  composed  of  several  comigrating  bands.  Therefore,  the  use  of  two 
additional  nucleotides  in  the  primers  can  be  exploited  to  increase  the  total  number  of  DNA 
fragments  that  can  be  analyzed  and  to  increase  the  specificity  of  identification  of  sequences  with 
alterations.  The  fact  that  the  consistent  alterations  observed  in  4  cases  of  prostate  tumors  were  also 
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identified  in  one  of  the  four  primer  combinations  clearly  demonstrated  that  those  observed 
differences  in  band  intensity  were  not  an  artifact  but  rather  genuine  sequence-dependent  alterations. 

Preferential  amplification  of  Notl-Msel  fragments  over  Msel-Msel  fragments  in 
Notl-Msel  MS-AFLP 

In  addition  to  the  advantage  that  a  small  amount  of  DNA  template  is  sufficient,  the  PCR-based 
MS-AFLP  may  also  offer  a  relatively  easy  cloning  method  of  DNA  fragments  from  fingerprint 
bands.  This  is  true,  however,  only  when  Notl-Notl  and  Notl-Msel  fragments  are  preferentially 
amplified.  In  the  above  experiments,  we  used  32P  radiolabeled  Notl  adaptor  primers.  Msel 
endonuclease  cleaves  at  the  TTAA  sequence,  and  this  tetranucleotide  sequence  is  much  more 
frequently  found  in  the  genome  than  the  octanucleotide  Notl  sequence.  Therefore,  it  was  possible 
that  in  addition  to  the  radiolabeled  Notl-Msel  and  Notl-Notl  fragments  that  sensitized  the  X-ray 
film,  there  might  have  been  thousand  times  more  of  the  unlabeled  Msel-Msel  fragments  in  the 
background.  In  order  to  examine  this  possibility,  we  performed  MS-AFLP  experiments  using  the 
same  primer  combination  but  using  32P  radiolabeled  Msel  adaptor  primers  and  compared  with  the 
results  from  the  MS-AFLP  experiments  with  32P  radiolabeled  Notl  adaptor  primers.  Results  are 
shown  in  Figure  5.  The  two  leftmost  and  the  two  rightmost  lanes  show  the  two  pairs  of  MS-AFLP 
fingerprints  using  the  same  combinations  of  primers  but  labeled  at  different  primers.  The  two  lanes 
exhibited  quite  similar,  though  not  identical,  results  that  implicated  that  Notl-Msel  (and  Notl- 
Notl?)  fragments  were  selectively  amplified  over  Msel-Msel  fragments  under  the  PCR  conditions 
employed. 

Fluorescent  Notl-Msel  MS-AFLP 

One  advantage  of  using  radioactive  tags  for  Notl-Msel  MS-AFLP  is  that  it  allows  direct 
cloning  of  DNA  fragments  after  the  identification  of  alterations.  However,  use  of  fluorescent 
markers  offers  a  different  kind  of  advantage.  They  are  safer,  and  this  safe  feature  is  important  in 
clinical  settings.  Simultaneous  usage  of  multiple  dyes  with  different  absorption  and  emission 
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ranges  is  possible.  Therefore,  we  investigated  the  conditions  for  labeling  the  MS-AFLP  products 
with  a  fluorescent  primer,  and  examined  the  sensitivity  of  the  detection.  Highly  reproducible 
fingerprint  profiles  were  obtained  using  the  protocol  detailed  in  the  Material  and  Methods  section. 
Results  from  the  fluorescent  MS-AFLP  experiment  using  a  pair  of  normal  and  tumor  DNA  from  a 
lung  cancer  case5,  which  exhibited  few  alterations  using  a  radiolabeled  primer,  are  shown  in 
Figure  6A.  Almost  identical  peak  profiles  were  obtained.  A  few  examples  of  the  alterations 
observed  in  cases  2  and  4  are  shown  in  Figures  6B  (increased  peak  intensity  in  tumor)  and  C 
(decreased  peak  intensity  in  tumor). 


23 


USA  MRMC  Annual  Report  Grant#DAMD 17-99- 1-9095,  Fumiichiro  Yamamoto,  PhD. 

Discussion 

Precise  mapping  of  DNA  methylation  patterns  in  CpG  islands  is  essential  for  understanding 
diverse  physiological  and  pathological  biological  processes.  Several  techniques  have  been 
developed  to  determine  DNA  methylation  alterations  of  specific  genes  once  their  sequences  are 
identified  (19-22).  In  addition  to  the  established  methods  of  digestion  with  methylation  sensitive 
restriction  enzyme(s)  followed  by  Southern  hybridization  or  PCR,  methylation-specific  PCR 
(MSP)  has  been  developed  as  a  novel  PCR  assay  for  determining  the  methylation  status  of  CpG 
islands  (20).  Using  this  technique,  hypermethylation  associated  with  transcriptional  inactivation 
was  reported  in  the  promoter  regions  of  four  important  tumor  suppressor  genes  in  human  cancer 
(pl6  (23),  pl5  (24),  E-cadherin  (10),  and  von  Hippel-Lindau  (25)).  High  sensitivity  methylation 
mapping  is  possible  by  the  sodium  bisulfite  modification-DNA  sequencing  method  (19). 
Techniques  are  also  available  for  determining  the  degree  of  methylation  in  bulk  DNA  (26). 
However,  there  are  few  techniques  that  generate  a  comprehensive  methylation  profile  of  human 
genomic  DNA.  Three  scanning  techniques  are  currently  available  for  DNA  methylation  analysis: 
methylation-sensitive  restriction  fingerprinting  (MSRF)  (27),  restriction  landmark  genomic 
scanning  for  methylation  (RLGS-M)  (28),  and  amplification  of  restriction  polymorphism  (29). 

The  MSRF  method  employs  the  principle  of  the  AP-PCR  approach.  After  digesting  genomic 
DNA  with  Msel  alone  or  Msel  and  methylation  sensitive  BstUI,  the  DNA  is  PCR-amplified  using 
a  specially  designed  pair  of  primers  with  short  arbitrary  10-mers  sequences  attached  to  the  flanking 
BstUI  recognition  sequence  (CGCG).  The  PCR  products  are  electrophoresed  and  banding  patterns 
compared  between  the  Msel  digestion  alone  and  the  Msel/BstUI  double  digestion.  Although  this 
approach  has  successfully  identified  two  breast  carcinoma-specific  hypermethylation  fragments 
(HBC-1  and  2),  scanning  an  entire  genome  in  an  organized  manner  remains  an  impossible  task 
when  using  this  method  with  arbitrary  primer  sequences.  RLGS-M,  another  scanning  technique, 
allows  genomic  scanning  for  changes  in  methylation  at  Notl  sites.  Because  genomic  DNA  is 
directly  end-labeled  in  RLGS-M,  different  from  PCR-based  techniques,  the  ratio  of  all  the 
fragments  remains  unchanged.  Moreover,  the  entire  fingerprints  can  be  obtained  from  one  reaction 
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displayed  on  a  two-dimensional  gel.  However,  two-dimensional  gel  electrophoresis-based  RLGS 
is  complicated,  and  is  not  suitable  for  simultaneous  analyses  of  multiple  specimens  although  some 
success  has  been  reported  using  a  specially  designed  apparatus  (30,31).  Other  shortcomings  are 
that  RLGS-M  requires  microgram  quantities  of  good  quality  DNA  to  visualize  individual  genomic 
DNA  fragment  spots,  and  cloning  of  the  DNA  fragments  are  extremely  difficult.  Similar  to  Notl- 
Msel  MS-AFLP,  amplification  of  restriction  polymorphism  method  utilizes  the  AFLP  technique 
and  a  methylation  sensitive  restriction  enzyme.  Different  combinations  of  enzymes  (EcoRI  and 
Hpall/MspI)  are  used,  however. 

The  Notl-Msel  MS-AFLP  method  is  superior  to  other  scanning  techniques  for  DNA 
methylation  alterations  in  several  aspects.  MSRF  is  similar  to  MS-AFLP  in  that  the  alterations  are 
detected  in  one-dimensional  denaturing  sequencing  gels,  and  the  amplified  products  are  relatively 
small  DNA  fragments  representing  anonymous  genomic  sequences.  The  advantage  of  our  method 
is  its  superior  reproducibility.  The  larger  number  of  bands  are  amplified  and  the  higher  ratio  of 
band/background  noise  is  obtained  (see  Figures  2  through  5).  Another  advantage  of  the  Notl-Msel 
MS-AFLP  approach  is  that  it  may  be  more  benefited  from  the  Human  Genome  Project  effort  since 
the  positions  of  the  Notl  sites  in  the  genome  will  be  easily  identified  compared  with  more  abundant 
BstUI  sites  used  in  the  MSRF  approach.  Therefore,  with  a  defined  Notl  map,  Notl-Msel  MS- 
AFLP  is  advantageous  for  the  systematic  comparative  screening  of  different  situations.  Compared 
with  RLGS-M,  MS-AFLP  is  clearly  superior  in  several  aspects.  First,  MS-AFLP  requires  much 
less  template  DNA.  We  usually  use  5  ng  of  DNA  for  one  MS-AFLP  experiment  with  one  pair  of 
primers.  If  16  reactions  are  performed  by  4x4  format,  a  total  of  80  ng  of  DNA  is  needed.  Pre¬ 
amplification  of  the  adaptor-ligated  DNA  fragments  with  universal  primers  without  additional 
nucleotide  at  the  3’  end  before  fingerprint  presentation  may  reduce  even  more  the  total  amount  of 
template  (data  not  shown).  Moreover,  simultaneous  analysis  of  multiple  samples  is  easily 
performed  by  parallel  electrophoresis,  which  also  facilitates  the  detection  of  consistent  differences 
in  band  intensity.  More  importantly,  in  contrast  to  RLGS-M,  MS-AFLP  permits  the  single  step 
cloning  of  the  fingerprint  bands  from  the  gel  by  PCR  with  the  adaptor  primers.  The  amplification 
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of  restriction  polymorphism  method  is  advantageous  in  its  easy  confirmation  of  DNA  methylation 
alterations  by  side-by-side  examination  of  the  EcoRI/Hpall  and  EcoRI/MspI  DNA  fingerprints 
since  both  Hpall  and  MspI  recognize  the  same  CCGG  sequence  but  differ  in  their  sensitivity  to  the 
methylated  sequence.  The  method  is  quite  powerful,  however,  the  use  has  been  limited  to  the 
genomic  analysis  of  organisms  with  relatively  small  genome  sizes  (32).  This  is  also  true  for  the 
regular  AFLP  experiments  since  the  number  of  EcoRI  sites  is  too  large  in  the  human  genome,  and 
the  conditions  to  obtain  reproducible  results  are  tricky. 

Using  the  Notl-Msel  MS-AFLP  method,  we  have  analyzed  DNA  methylation  alterations 
associated  with  tumorigenesis.  Among  those  bands  that  exhibited  alterations  in  cancer,  we 
identified  sequences  from  multiple  homeobox  genes  and  genes  involved  in  the  regulation  of 
homeotic  gene  expression  (F.  Yamamoto  et  al.  manuscript  submitted  for  publication).  Because 
homeoproteins  are  transcription  factors  that  direct  embryogenesis  and  cell  differentiation, 
alterations  of  homeobox  gene  function  may  trigger  a  cascade  of  changes  in  gene  expression.  These 
changes  may  result  in  a  cell  with  a  less  differentiated  and  less  positionally  restricted  phenotype. 
These  results,  therefore,  may  demonstrate  the  ability  of  our  approach  to  detect  somatic  epigenetic 
alterations  relevant  to  neoplastic  transformation.  Although  Notl-Msel  MS-AFLP  theoretically 
detects  not  only  the  changes  in  DNA  methylation  but  also  (sub)chromosomal  gains/losses,  most,  if 
not  all,  of  the  alterations  identified  so  far  turned  out  to  be  the  results  of  DNA  methylation 
alterations. 

In  addition  to  the  radioactive  Notl-Msel  MS-AFLP,  we  have  also  attempted  the  fluorescent 
Notl-Msel  MS-AFLP.  Since  the  conditions  of  PCR  amplification,  gel  electrophoresis,  and  the 
method  of  detection  were  different,  it  seemed  to  be  rather  difficult,  if  not  impossible,  to  correlate  all 
the  individual  bands  in  radioactive  MS-AFLP  fingerprints  and  the  individual  peaks  in  fluorescent 
MS-AFLP  electropherograms.  Nonetheless,  there  was  a  clear  positive  correlation  between  the 
number  of  alterations  in  radioactive  MS-AFLP  and  the  number  of  alterations  in  fluorescent  MS- 
AFLP,  suggesting  that  fluorescent  MS-AFLP  is  also  useful  in  detecting  the  differences. 
Transformation  of  the  gel  electrophoresis-based  Notl-Msel  MS-AFLP  into  a  hybridization-based 
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technique  using  DNA  microarrays  in  the  future  may  facilitate  the  determination  of  the  identity  of 
alterations.  In  conclusion,  Notl-Msel  MS-AFLP  provides  another  method  of  DNA  methylation 
analysis  in  both  research  and  clinical  settings. 
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Figure  legends 

Figure  1.  Schematic  representation  of  the  Notl-Msel  MS-AFLP  method 

Unmethylated  Notl  sites  are  cleaved  by  Notl,  Notl  ends  are  ligated  with  Notl  adaptors,  and  the 
adaptor-ligated  Notl-Msel  (and  Notl-Notl)  DNA  fragments  are  amplified.  Methylated  sites, 
however,  are  resistant  to  cleavage,  and  no  amplification  is  observed.  By  using  primers  with 
additional  nucleotide(s)  at  the  3’  end  for  PCR,  only  selected  populations  of  DNA  fragments  are 
amplified,  reducing  the  number  of  bands.  Hypermethylation  (and  subchromosomal  loss)  and 
hypomethylation  (and  subchromosomal  gains)  are  indicated  by  the  decreased  and  increased  band 
intensity  of  MS-AFLP  fingerprints. 

Figure  2.  Notl-Msel  MS-AFLP  fingerprints  of  lung  cancer 

The  results  of  Notl-Msel  MS-AFLP  experiments  with  one  pair  of  primers  (Notl+G  and  Msel+C) 
are  shown.  Left:  Different  amounts  of  adaptor  ligated  template  DNA  was  used  for  the  Notl-Msel 
MS-AFLP  to  determine  the  minimal  amount  of  DNA  required  for  reproducible  results.  Reactions 
were  duplicated  and  the  results  are  shown  with  1  and  2.  Right:  Five  pairs  of  the  matched  normal 
and  tumor  lung  tissue  DNA  was  analyzed  by  the  Notl-Msel  MS-AFLP.  N  and  T  denote  normal 
and  tumor  tissue  DNA,  respectively.  The  up  and  down  arrows  indicate  the  bands  that  exhibited  an 
increase  and  decrease  in  band  intensity. 

Figure  3.  The  Notl-Msel  MS-AFLP  fingerprints  obtained  using  all  the  sixteen 
combinations  of  primers  with  one  additional  nucleotide  each 

DNA  from  normal  breast  (N)  and  metastatic  breast  carcinoma  (M)  from  a  patient  was  used  for 
Notl-Msel  MS-AFLP  using  16  combinations  of  primer  pairs  with  one  additional  nucleotide  at  the 
3’  end.  The  added  nucleotide  residues  are  shown  above  the  lanes.  Examples  of  prominent  bands 
showing  increases  or  decreases  in  band  intensity  in  the  tumor  are  indicated  by  up  and  down 
arrowheads,  respectively. 
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Figure  4.  Comparison  between  fingerprints  obtained  from  the  4x4  format  with 
those  of  the  4x16  format 

Normal  (N)  and  tumor  (T)  DNA  from  four  prostate  cancer  patients’ (1P-4P)  was  used  to  compare 
the  results  from  the  4x4  format  and  those  from  the  4x16  (two  additional  nucleotides  were  added  to 
Msel  primers).  Three  bands  showing  intensity  changes  in  four  prostate  samples  are  indicated  by 
open  arrowheads.  The  adaptor-ligated  DNA  from  case  3P  was  prepared  separately  from  other 
samples.  That  is  why  the  overall  pattern  of  3P  fingerprint  was  somewhat  different  from  the  other 
three  fingerprints.  Surprisingly,  however,  the  consistent  alterations  observed  in  the  other 
fingerprints  were  also  found  in  3P  fingerprint,  suggesting  that  the  alterations  can  be  identified  so 
far  as  both  normal  and  tumor  samples  are  processed  in  parallel. 

Figure  5.  Comparison  of  the  Notl-Msel  MS-AFLP  fingerprints  produced  from 
reactions  using  32P  radiolabeled  Notl  adaptor  primers  and  32P  radiolabeled  Msel 
adaptor  primers 

Results  from  Notl-Msel  MS-AFLP  experiment  using  the  same  primer  combinations  but  labeled  at 
either  Notl  or  Msel  primers  are  shown  in  the  two  leftmost  and  two  rightmost  lanes.  PCR  products 
were  analyzed  by  parallel  electrophoresis. 

Figure  6.  Fluorescent  Notl-Msel  MS-AFLP  fingerprints 

Fluorescently  labeled  Notl+G  primer  and  unlabeled  Msel+C  primer  were  used  for  Notl-Msel  MS- 
AFLP,  and  the  results  were  analyzed  using  an  automatic  DNA  sequencer.  A:  Fluorescent  Notl- 
Msel  MS-AFLP  electropherograms  are  shown  of  a  pair  of  normal  (N)  and  tumor  (T)  DNA  from 
lung  cancer  case  5,  which  exhibited  few  alterations  in  the  radioactive  MS-AFLP  experiments  (see 
Figure  2).  Almost  identical  peak  profiles  were  obtained.  B:  Several  examples  of  increased  peaks 
observed  in  the  electropherograms  of  cases  2  and  4  are  shown.  C:  Several  examples  of  decreased 
peaks  are  shown. 
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Figure  3 
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Figure  4 
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Figure  5 
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